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[57] ABSTRACT 
Disclosed is an apparatus for detecting the reference 
rotational angle for each v‘cylinder in a multiple-cylinder 
internal combustion engine, in which a reference pulse 
signal is output at a position of a predetermined rota 
tional angle of the engine at a speci?c stroke of each 
cylinder synchronously with the revolution of the en 
gine, a cylinder-discriminating pulse signal is put out 
'just after termination of speci?c one of the reference 
pulsesignal, the precedent and present values of ele 
ments, concerning the time, of the pulse signal are de 
tect'ed, and when the present value is smaller than the 
precedent value by at least a predetermined value, dis 
crimination of cylinders is performed. 

21 Claims, 6 Drawing Sheets 
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METHOD AND APPARATUS FOR DETECTING 
REFERENCE ROTATIONAL ANGLE FOR‘ EACH 

2 
both of discrimination of cylinders and detection of the 

I‘ , rotational angle of the engine can easily be performed 

CYLINDER-IN MULTIPLE-CYLINDER INTERNAL ‘ 
COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to a method and appara 

tus for detecting reference rotational angles in a multi- , 
ple-cylinde'r internalcombustion engine. More particu-. 
larly, the present invention’ relates to a method,- and 
apparatus for detecting the reference rotational angles, 
by which it is possible to judge that a speci?c cylinder 
is at" aspeci?c stroke. ‘ 

(2) Description of the Related Art 
A crank angle sensor has heretofore been for 

making various controls, for example, the control of the 
ignition timing, in an internal combustion engine. 
There are, known various systems for making various 

controls for the engine, for example, the control of the 
ignition timinghin cylinders by using crank angle sen 
sors, and recently, there is often adopted a system in 
which a crank angle sensor having only a function of 

. outputting a reference pulse signal at a speci?c crank 
angle (a reference rotational angle) position during'a 
speci?c stroke of each cylinder synchronously with the 
revolution of the engine is used and the ignition timing 
is computed based on the detected‘ reference pulse sig 
nal by a microcomputer (see Japanese Utility Model 
Application No._ 62-133304). 
The reason for adoption of this system is that it is not 

necessary to impart a function of generating a unit sig 
nal at every crank angle of 1 to 2 to the crank angle 
‘sensor and the cost be advantageously reduced. 

. However, in the case where an electric current‘for 

10 

by this improved single pickup device or the sensor. 
More specifically, in accordance with one fundamen 

tal aspect of the present invention, there is provided a 
method 'for detecting the reference rotational angle for 
each cylinder in a multiple-cylinder internal combustion 
engine, which comprises outputting a reference pulse 
signal at a position of a predetermined rotational angle 
of the engine at a speci?c stroke of each cylinder syn 

' ‘chronously with the revolution of the engine, putting 

20 

25. 

so 

is 

ignition is electronically applied to'each cylinder with- ' 
out using a mechanical distributer or in the case where 
not only the ignition timing control system but ‘also ‘a 
system‘ for injecting va fuel to respective cylinders inde 
pendently is'adopt'ed, it is necessary to obtain not only 
a reference pulse signal but also a'signal for judging that‘ 
a speci?c cylinder is at a speci?c stroke (hereinafter 
referred to as "independent judgement for each cylin-, 
der”) and therefore, at least two systems become neces-. 

40 

45. 
sary for a group comprising a pickup device and ,a sig-' » 
nal-p‘rocessing circuit. Accordingly, reduction of the 
cost is limited. 

SUMMARY OF THE INVENTIONv 

Under this background, it is therefore a primary ob 
ject of the present invention to provide a method and 
apparatus‘for detecting a rotational angle of’an engine‘, 
in which necessary informations concerning the refer 
ence rotational'angle of the engine-are obtained by a, 
single pickup device or ac'rank angle sensor, and both 

. of discrimination of cylinders detection of the refer; 
rotational angle of the engine can be performed ‘by 

processing the obtained informations by a microcom 
puter. . 

Another object of the present invention is to provide 
' la method and apparatus for detecting a reference rota 

tional angle of an engine,‘ in which a minimum improve 
ment is made in a known single pickup device or a crank 
angle having a function of outputting a reference 
pulse signal at a position of a predetermined rotational 
angle of an engine at a speci?c stroke of each cylinder 
synchronously with the revolution of the engine and 

50 

out a cylinder-‘discriminating pulse signal of a predeter 
mined amplitude in the same output line as of the refer 
ence pulse signal just after termination of one of the 
reference pulse signal, detecting and storing the prece 
dent and present values of an element, concerning the 
time, of the pulse signal, and performing discrimination 
"of the cylinder when the present value is smaller than 
the precedent value by at least a predetermined value. 

In~ this detection method, as the element concerning 
the time, there can be mentioned the time width of the 
pulse signal and the period of the pulse signal. It is 
preferred that discrimination of the cylinder be per 
formed when of these pulse signals, the present value of 
the‘ element concerning the time is smaller than the 
precedent value by at least a maximum variation ratio of 
the revolution expected at the time of abrupt accelera 
tion of the engine. 

3 For example, in case of no-load racing of the engine 
where the most remarkable variation of the engine rev 
olution may be found, the above-mentioned maximum 
variation ratio of the revolution is about 30%, and 
therefore, if the detected present value is smaller than 
70% of the precedent value, the subsequent reference 
pulse signal is not misjudged for the cylinder-dis 
criminating signal by the variation in the engine even 
when the maximum engine revolution variation is 
caused. In order to ‘prevent the judgement mistake of 
the cylinder-discriminating pulse signal for the refer 
ence pulse signal, it is preferred that at a constant rota 
tional speed of the cylinder-discriminating signal should 
have an element concerning the time, which is smaller 
than the same of the just precedent reference pulse 
signal by at least the maximum rotation variation ratio 
of the engine expected at the time of abrupt acceleration 
of the engine, for example, by 30%. 
As another element of the pulse signal concerning the 

time, there can be mentioned the time ratio between the 
pulse width and the spacing to the subsequent pulse. 
_As means for carrying out the above-mentioned de 

tection process,‘ in accordance ‘with another aspect of 
the present invention, there is provided an apparatus for 
detecting the reference rotational angle for each cylin 
der in a multiple-cylinder internal combustion engine, 
which ‘comprises reference signal output means for 
outputting a reference pulse signal at a position of a 
predetermined rotational angle of the engine at a spe 

' .ci?c stroke'of each cylinder synchronously with the 

65 

' revolution of the engine, cylinder-discriminating signal 
output meansfor outputting a cylinder-discriminating 
pulse signal on the same output line as of the reference 
pulse signal just after termination of speci?c one of the 
reference pulse signals, timer- means for measuring an 
element,vconcerning'the time, of the pulse signal at 
every rising or falling of an output waveform of each 
pulse signal, means for storing precedent and present 
values of the element concerning the time measured by 
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the timer means, means for comparing the precedent 
and present values, and cylinder-discriminating means 
for performing discrimination of cylinders whenthe 

. ratio of the present value to the precedent value is 
smaller than a predetermined value. y. 

In accordance with another aspect of the present 
invention, there may be provided a method for detect‘ 
ing the reference rotational angle for each cylinder, 
which comprises outputting a reference pulse signal at a. 
predetermined engine rotational angle position at a 
specific stroke of each cylinder synchronously with the 
revolution of the engine, outputting a cylinder-dis 
criminating pulse signal of a predetermined amplitude 
on the same output line as of the reference pulse signal 
just after termination of one reference pulse signal, 
computing the ratio between the pulse time width of 
said pulse signal and the-time width between the subse. 

' quent' pulse signal and the preceding pulse signal and 
performing discrimination of the cylinder when said 
ratio is smaller than a predetermined value. _ _ 

‘In accordance with still another aspect of the present 
inventiom'there is provided an apparatus for detecting 
the reference-rotational'angle for each cylinder in a 
multiple-cylinder internal combustion engine, which 
comprises a rotary body rotating synchronously with 
the revolution of the engine, ?rst deformed portions for 
vgenerating reference pulse signals, which are formed by 
partial changes of the shape of the rotary body in the 

_ same'number as the number of the cylinders at positions 
on, the rotary body, corresponding to predetermined 

' engine rotational angle positions at speci?c stroke of the 
respective cylinders, said positions of the ?rst deformed 
portions being substantially equal to one another with 
respect to the radius distance from an axis'of rotation of 
the rotatableibody, a second deformed portion compris 
ing the same deformation: element as that of the ?rst 
deformed portions and indicating that specific one of 
the ?rst deformed portionsvcorresponds to the speci?c 
cylinder, said second deformed portion being ‘formed 
just after said speci?c‘one of ?rst deformed portions at 
the radius distance substantially equal to that of the?rst 
deformed portions, pulse signal-generating means ar 
ranged adjacently to rotation loci of ?rst and second 
deformed portions 'to generate a reference pulse signalv 

q corresponding to the ?rst deformed portion and a cylin 

15 

20 

3.5 

40 

der-discriminating ‘pulse signal corresponding to‘ the " 
second deformed portion in cooperation with the‘ de 
formed portions, and cylindersdiscriminating means for 
discriminating the cylinders by comparing the reference 
pulse signal and the cylinder-discriminating pulse ‘signal 
with respect to an element concerningthe time. M 

It is preferred that‘ 'the' ?rst and second deformed 
portions be slits, and in this case, itv is preferred that the 
pulse signal-generating means he a photoelectric pickup 
comprising a light projector and a light receiver. 
The cylinder-discriminating means makes a judge 

ment based on elements concerning the time, such as the 
pulse time widths and periods, in the precedent and 
subsequent pulse signals. The deformed portions having 
influences on such elements concerning the time can be" 
formed so that the second deformed portion is'smaller 

55 

so 

than the precedent ?rst deformed portion in the- angle » 
range of the deformed portion, the angle range between 
the adjacent. deformed’ portions or the angle range of 
the initial or terminal stage of the deformed portion, by 
at least the maximum rotation variation ratio expected 
at abrupt acceleration of the engine. 

65 

4 
Accordingly, in the case where the pulse time width, 

the time width between adjacent pulses or the pulse 
period, which is smaller than the precedent value by at 
least, the maximum rotation variation ratio expected at 
abrupt acceleration is detected, it can be judged that the 
pulse signal is a pulse signal for discrimination of the 
cylinder without fail. 
The cylinder-discriminating means can be con 

structed so that the pulse widths of the precedent pulse 
‘signal and the time width between the precedent pulse 
signal and subsequent pulse signal are detected and the 
ratio between the pulse width and time width is calcu 
lated, and whenthelcalculated ratio is smaller than a 
predetermined value, it is judged that the subsequent 
pulse signal giving the present value is the cylinder-dis 
criminating pulse signal. 
Embodiments of the present invention will now be 

described with reference to the accompanying draw 
ings. The present invention will be understood from 
these embodiments, but the scope of the present inven 
tion is not limited by these embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram of a crank angle sensor and a 

single-processing circuit, which illustrates one embodi 
ment of the present invention. 

_ FIG. 2 is a diagram showing waveforms of signals. 
FIG. 3 is a flow chart of a cylinder-discriminating 

routine of the present invention. 
FIG. 4 is a ‘diagram illustrating the ignition control 

according to the time control system. 
FIG. 5 is a flow chart of another cylinder-dis 

criminating routine of the present invention. 
FIG. 6 is a flow chart of still another cylinder-dis 

criminating routine of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

’FIG.‘1 is an apparatus for detection of the rotational 
angle in a spark-ignition reciprocating multiple-cylinder 
internal combustion engine. In case of, for example, a 
four-cylinder engine, a crank angle sensor 10 for pick 
‘ing up the rotational angle of the engine comprises a 

_ signal disk plate 12 as the rotary body, which is attached 
to a rotation shaft making 1 rotation per rotation of the 
engine, for eirample, a distributer shaft or cam shaft 11, 
so that the signal disk plate 12 rotates in the plane or 
tho'gonal to the rotation shaft integrally with the rota 
tionshaft. Fan-shaped slits 13 are formed at equal angle 
intervals in the circumferential direction on the signal 
disk plate 12 in the same number as the number of cylin 
de'rs_(four slits in this embodiment because the engine is 
the four-cylinder engine), and the same radius distance 
from the rotationv A light projector (LED) 15 and 
a light receiver (photodiode), 16, which constitute a 
photoelectric pickup ‘14, are arranged adjacently to 
rotation lociiof slits 13, i.e., on both the sides of the 
signal disk plate 12‘which is interposed between the 
projector and light receiver. When the slit 13 passes 
between the projector and receiver, the light emitted 
train the projector 15 is received by the light receiver 
‘16, and in other case, the light is intercepted by the 

~ signal disk plate 12. When the light receiver 16 receives 
the light, a pulse signal is emitted by the light receiver 
16. 

Accordingly, reference pulse signals are generated at 
predetermined crank angle positions at a speci?c stroke 
synchronously with the revolution of the engine at the 



p is performed when rising or falling of the 
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same period as the period of ignitions of cylinders by 
the ignition plugs. In the present embodiment, each 
reference pulse signal REF is generated in the region of 
70' from the point of 75' to the point of 5' before the 
compression'top deadv center (PDQ) in each cylinder , 

' (see FIG. 2). " 

In addition to the reference pulse signal-generating. 
slits 13, one cylinder-discriminating, signal-generating 
slit 17 is formedon thesi'gnal disk plate '12 at a just rear 
portion of the speci?c one ‘of slits '13 and at the same 
radius position from the rotation axis ‘as that of the slits 
13. r 

p More speci?cally, thefan-shaped slit 17 is formed so 

output on the same output line as of the reference pulse 

6 
cylinder is at a speci?c stroke, for example, at the com 
pression stroke, When the count value of the cylinder 
discriminating counter Ccyl exceeds the number of the 
cylinders, the count value is restored to 1. Then the 
‘routine goes to step 6 and the precedent value Taald in 

v the memory is substituted for the present value Ta. 

10 

' that the cylinder-discriminating pulse signal SGC is j _ 
15 

signals REF just after termination of one of the"refer-_ _ 
'ence pulse signals REF (FIG. 2). This slit l7 constitutes 

the cylinder-discriminating pulse signal output In this embodiment,the crank angle from the point of 

termination of the reference pulse signal REF to the 
point of emission of the cylinder-discriminating pulse 
signal SGC isadjust'ed to 2. The crank angle corre 
sponding to the pulse time width of the cylinder-dis 

_ criminating pulse signal SGC is adjusted to 3 (see FIG. 
2). 
The signals from the crank angle sensor (pickup de 

_ ' vice) 10 are shaped by a waveform-shaping circuit ‘20 
‘ and input to a microcomputer 30 comprising an input 
processing device, CPU, a store device andthe like, and 
the signals are processed by the microcomputer 30; A 
timer (timer counter)’ 40 for counting clock signals out'-. 
put the counted signals to the microcomputer 30, and 
the count value is reset by the microcomputer 30. Timer 
means to be" used instead of the timer can be constructed 
by a soft ware. 
F IG. 3 shows a routine of discrimination of the cylin 

Yd'ers performed by the microcomputer 30. 
The cylinder-discriminating operation of this routine 

‘ _ pulse signal 

from "the crank anglesensor 10 is detected. ' 
At step 1 (indicated as “S1” in the drawings; the same 

will apply hereinafter), the pulse signal from the crank 
‘angle sensor, _10 is‘r'eceived and it is judged whether the ' 
pulse signal is'in the rising state or in the falling state. 
When the pulse signal is in the rising state, the routine 

to‘step2 then the timer (timer counter) ?-O is reset 
and‘ restarted, andthe operation of this routine is com 
pleted. it is judged that the ‘pulse signal is in the 

25 

In case of Ta/TaojdéK, the falling signal is regarded 
as the cylinder-discriminating pulse signal SGC, and it 

_ is judged that ‘the ?rst cylinder is judged at a speci?c 
stroke, for example, the compression stroke, and the 
routine goes to step 7 and the value of the cylinder-dis 
criminating counter Ccyl is set at 1. 
When the cylinder-discriminating pulse signal SGC is 

thus detected, at subsequent step 8 the pulse signal SGC 
is subjected to mask processing, and a mask-processed 
waveform (see FIG. 2) of only the reference pulse sig— 
nal REF skipping this pulse signal SGC is formed by the 
microcomputer. After the passage of a predetermined 
time from the pulse-signal, the known-control of igni 
tion of the corresponding cylinder by the ignition plug 
is carried out based on the mask processed waveform. 
More speci?cally, for example, as shown in FIG. 4, 

the period of the reference pulse signal is computed 
based on the rising and falling times of the reference 
pulse signal detected by the routine, and the change 
ratio of the period is determined from the precedent 
period Tn---l and the present frequency Tn and the 

4 subsequent period TF is estimated. Based on the subse 

30 

.35. 

quent period TF, the required ignition angle is con 
verted to the time, and the reference point tn, that is, the 
time 11 from the point of rising of the reference pulse 
signal of the corresponding cylinder in the present em 
bodiment. When the time of T2 has passed from the 
‘reference point tn, application of electricity is started 
and after the lapse of the time of 11, the application of 
electricity is stopped, whereby ignition of the corre 
sponding cylinder is effected. 
As is apparent from the foregoing description, in the 

present embodiment, the precedent value and the pres 
ent value of the pulse widths (the time of H level) of the 
pulse signal are measured, and the ratio of the two 
widths is determined. and compared with the predeter 
mined value 'K. Thus,_it ~is judged whether the pulse 

"signal is the reference'pulse signal or the cylinder-dis 
4.5 

falling state, the routine goes to step 3, and the value of > 
the ammo is'read as Ta in the memory. Thus, the pulse 
width (the time of H level) of the pulse signal is stored 
as Ta in the memory. - 1 " 

Then the-routine goes to step 4, and the ratio Tal 
Tasu of the present pulse time width Ta to the probes 
dent pulse time width is determined and compared with 
the predetermined value K. . 

If the falling. of the pulse signal is the falling of reference pulse signal REF, of TaéTaold, the 
value of run,” becomes large. If the falling of the" 
pulse signal is the falling of the cylinder-discriminating 

. pulse signal SGC, because of Ta<Tao1d, the value of 
Ta/Taold becomes small. 

Accordingly, if Ta/Tao1d>K is judged at'step 4, the 
falling signal is regarded as the falling signal of the 
reference pulse signal REF, and the routine goes to step 
5' and the vvalue of the cylinder-discriminating counter 
Ccyl is increased by l. The count‘ value n of the cylin 
der-discriminating counter Ccyl indicates that the n-th 

50 

55 

criminating pulse signal. Alternatively, there can be 
adopted a method in which another element of the pulse 
signal concerning the time, for example, the pulse width 
or pulse frequency, is computed at the time of rising of 
the pulse signal, the present value is compared with the 
precedent value, and when the ratio of the two values is 
smaller than a predetermined value K, it is judged that 
the pulse signal giving the present value is the cylinder 
discriminating pulse signal. 
The cylinder-discriminating operation of this routine 

is shown in FIG. 5 and is performed when rising of the 
pulse signal from the crank angle sensor 10 is detected. 
The pulse signal from crank angle sensor 10 is re 

ceived and when the pulse signal is in the falling stage, 
~ the value of the timer 40 counting the clock signals is 

60 read in step 11 as the present period T of the pulse signal 
in the memory. Then, at step 12, the timer 40 is reset and 
restarted. Then, the routine goes to step 13, and the 
ratio 171‘ 01,1 of the present pulse time width to the pre 
cedent pulse time width of the pulse signal is deter 
mined and compared with the predetermined value K. 

If the rising of the pulse signal is the rising of the 
reference pulse signal REF, because of T;-_,-T.,1d, the 
value of T/Tou becomes large to approximately be 1. If 
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_ the rising of the pulse signal is the rising of the cylinder 
discriminating pulse signal SGC, because of To1d>T,. 
the value of T/T 01;; becomes small. ' 

Accordingly, if T/To1d>judged at step 13, the rising 
signal is regardedas the rising signal of the reference‘ 
pulse signal REF, and the routine goes tostep 14 and 
the value of the cylinder-discriminating counter Ccylis " 
increased by l. The count value 11 of the cylinder-dis 
criminating counter Ccyl indicates that the n-th cylin-. 
der is at a speci?c stroke, for example, at the compres 
sion stroke. When the count value of 'the cylinder-dis 
criminating'counter Ccyl exceeds the number of the 
cylinders, the count value is restored to 1. 

In case of T/TnuéK, the rising signal is regarded as _ 
the cylinder-discriminating pulse signal SGC, audit, is 
judged that the ?rst cylinder is judged at a speci?c 
stroke, for example, the compression stroke, and the 
routine goes to step 15 and the value of the cylinder-dis 
criminating counter Ccyl is set at 1. _ . 

When the cylinder-discriminating pulse signal SGC is 
V thusdetected, at subsequent step 16 the pulse signal 
SGC is subjected to mask processing, and a mask-proc 
essed waveform (see FIG. 2)_of only the‘reference pulse 
signal REF skipping this pulse signal SGC is formed by 

8 
Further, in the precedent discussion, the judgement 

whether the; pulse signal is the reference pulse signal or 
the cylinder-discriminating pulse signal is performed by 
using the "element of the pulse signal concerning the 

5 time, for example, the pulse width or pulse period. Al 
ter'natively, however there can be adopted a method in 
which the pulse width (the time of H level-precedent 
value) of the pulse signal and the time width (the time of 
L level-present value) between the pulse signals are 

10 measured, and the ratio of the two widths is determined 
and compared with the predetermined value. And when 
the ratio of the two values is smaller than a predeter 
mined value, it is judged that the pulse signal giving the 
"present "value is-the cylinder-discriminating pulse signal. 

15 ' The cylinder-discriminating operation of this routine 
is shown in FIG. 6. 

This routine is performed when rising or falling of the 
pulse signal from the crank angle sensor 10 is detected. 
At step 21, ‘the pulse signal from the crank angle 

20 1_0'is received and it is judged whether the pulse 
signal is in the rising state or in the falling state. When 
the pulse signal is in they falling stage, the routine goes to 
step 22 and the value of the timer (timer counter) 40 
counting the clock signals is read as Ta in a memory. 

the microcomputer. After the passage of a predeter-v 25 Then, at step 23, the timer 40 is reset and restarted, and 
mined time from the pulse signal, the wellnkno'wn con 
trol of ignition of the corresponding cylinder by the 
ignition plug is carried out based on the mask-processed 
waveform. 

In. these cases of the cylinder-discriminating routines 
shown in FIGS. 3 and 4, since the pulse width or period 
of the pulse'signal is time-sequentially decreased'by the 
maximum rotation variation ratio (about 30%) at abrupt 

. change of the revolution of the engine, for example, at . 
abrupt acceleration of the engine by no-load racing or 35 
the like, this reduction should be taken into consider; 
ation. 

In ‘the case where the judgement is made by using the. 
pulse width of the pulse signal, the rotational angle of 

the operation of this routine is completed. When it is 
judged that the pulse signal is in the rising state, the 
routine goes to step 24, and the value of the timer 40 is 
read as Tb in the memory. Then, at step 25, the timer 40 

30 is reset and restarted. Thus, the pulse width (the time of 
H level) of the pulse signal is stored as the precedent 
value Ta in the memory, and the time width (the time of 
L level) between the present and subsequent pulse sig 
nals is stored as the present value Tb in the memory. 

In the case where the pulse signal is in the rising state, 
the routine goes tostep 26, and the ratio Tb/Ta of the 
time width (the ‘time of L level) Tb between the pulse 
signals to the pulse width (the time of H level) ta of the 
pulse signal is determined and compared with the pre 

the engine (crank angle) corresponding to the pulse _40 determined value K1. 
width of the cylinder-discriminating pulse signal, that is, 
the angle of the slit 17 about the rotational axis, is made 
smaller than the angle (crank angle) corresponding to 
the pulse width of the reference pulse signal by vat least 

If the risingof the pulse signal is the rising of the 
reference pulse signal REF, because of Ta<Tb, the 
value of Tb/T a becomeslarge. If the rising of the pulse 
signal is the rising of the cylinder-discriminating pulse 

the maximum rotation variation ratio (at least 30%), or 45 signal SGC, because of TaETb, the value of Tb/T a 
in the case where discrimination of the cylinders is 
carried out by using the of pulse signals, the 
angle about the rotational axis corresponding to the 
frequency of the precedent reference pulse signal and 
the cylinder-discriminating pulse signal, that is; the 
respective angle between the start or end of the slit 13 
and the start or end of the slit 17, is made smaller than 
the angle corresponding to the period of the reference 
pulse signals by at least the maximum rotation variation . 
ratio (at least 30%). 

In this case, even if the engine rotation variation ratio 
shows a maximum value, the pulse width of the sequent 
reference pulse signal or the period of the sequent refer- - ' 

, ence pulse signals is decreased _ from the same at the ' 
v constant revolution of the engine ‘only by the maximum 
engine ~rotation variation ratio, and therefore, the pulse 
vwidth or the period of the subsequent reference pulse 
signal does not become smaller than the pulse width of 
the cylinder-discriminating pulse signal or the period 
between the reference pulse signal and the subsequent 
cylinder-discriminating signal. Accordingly, erroneous 
judgement of the cylinder-discriminating pulse signal 
for the reference pulse signal is not made at all. 

_ becomes small. 
Accordingly, if Tb/I‘a>K is judged at step 26, the 

rising signal is regarded as the rising signal of the refer 
‘ ence pulse signal REF, and the routine goes to step 27 

50 and the value of the cylinder-discriminating counter 
Ccyl is increased by 1. The count value 11 of the cylin 
der-discriminating counter Ccyl indicates that the n-th 
cylinder is at a speci?c stroke, for example, at the com 
pression stroke. When the count value of the cylinder 

' 55 discriminating counter Ccyl exceeds the number of the 
cylinders, the'count value is restored to 1. 

In case of Tb/T a; K1, the rising signal is regarded as 
the cylinder-discriminating pulse signal SGC, and it is 
judged that the ?rst cylinder is judged at a speci?c 

'60 stroke, for example, the compression stroke, and the 
routine goes to step 28 and the value of the cylinder-dis 
criminating counter Ccyl is set at l. 

' When the cylinder-discriminating pulse signal SGC is 
(thus detected, at subsequent step 29 the pulse signal 

65 SGC is subjected to mask processing, and a mask-proc 
essed waveform (see FIG. 2) of only the reference pulse 
signal REF skipping this pulse signal SGC is formed by 
the microcomputer. After the passage of a predeter 
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mined time from the pulse signal, the known control of 
ignition of the corresponding cylinder by the ignition 
plug is carried out based on the mask-processed wave 
form. 

In the present embodiment, reference pulse signals 
and cylinder-discriminating signals are generated by 
slits 13 and 17 formed on the signal disk plate in cooper 
ation with the photoelectric pickup‘ device. Projections 

beformed instead of the slits for generation of these 
pulse signals. In" short, it is'su?icient if deformed por 
,tions are formed on the rotary body for picking up pulse 
signals. Incidentally, the same deformed elements, for 
example, space elements such as slits, or protrusions, are 
preferably formed for both of reference pulse signals. 
"and cylinder-discriminating pulse signals. 
v' As is apparent from the foregoing description, ac- _ 
‘cording to the present invention, there can be provided ‘ 
a method an apparatus for detecting the reference rota? 
tional angle of the engine, in'which signals for discrimi 
nation of cylinders can easily be obtained by a simple. 
structure of one pickup ‘system. Especially, this can be 
accomplished ‘only by adding a cylinder-discriminating 
pulse signal-generating deformed portion consisting- the 
same element as that of the reference pulse signal 
generating deformed portion to the conventional disk 
plate after one of the reference pulse signal-generating 
deformed portions. Accordingly, the conventional sys-_ 
tem can be improved‘ very easily and simply and deteca 
tion of the reference rotational angle of 'the‘engin'e to be 
used for control of ignition or the like and discrimina 
ztion-of cylinders can be accomplished by one pickup 
device. Therefore, the cost can be reduced and the 

20 
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present invention is very advantageous from the ecoj ~ 
nomical viewpoint. 
We claim: 
1. A method for detecting a reference rotational angle 

for each cylinder in amultiple-cylinder internal com; 
, bustion engine," which comprises outputting‘ a reference 
pulse signal at a position of "a predetermined rotational 
angle of the engine at a speci?c stroke of each cylinder 
synchronously with the revolution of the engine, out 
putting a cylinder-discriminating pulse signal of a pre-_ 
determined amplitude in the same output line as said 
reference pulsesignal just after termination of one of 
said reference pulse signals, detecting and storing prece 

35 

40 

4.5 
dent and present values of elements, concerning the _ 
time’ of said Pulse SiSIlQI-S, calculating the ratio of 
present value to said'precedent value, and performing 
discrimination of said cylinder when said ratio is smaller 
than a predetermined constant value. _ 

2. A ‘method for detecting a reference rotational angle 
\ for each cylinder in a multiple-cylinder internal com 

_ bustion engine according to claim 1, wherein said ele 
ment concerning the time of said pulse signal is a pulse 
width of said pulse signal. - ' 

3. A method for detecting a reference rotationalangle 
for each cylinder in a multiple-cylinder internal com-I 
bustion engine ‘according to claim 1, wherein said; ele 
ment concerning the time of said pulse signal is a period - 
of said pulse signal. . . 

_ 4. A method for detectinga referencerotational angle 
for each cylinder in a multiple-cylinder internal corn 
bustion engine, which comprises outputting a reference 
pulse signal at a position "of a predetermined rotational. 
angle of the engine at a speci?c‘ stroke of each cylinder 

60 

65 
synchronously‘with the revolution of the engine, out- ' 
‘putting a cylinder-discriminating pulse signal of a ‘pre 
determined amplitude in the same output as said refer 

10 
ence pulse signal just after termination of one of said 

' reference pulse signals, detecting and storing precedent 
and present values of elements, concerning the time, of 
said pulse signals, calculating the ratio of said present 
value to said precedent value, and performing discrimi 
nation of said cylinder when said ratio is smaller than a 
predetermined constant value; 

wherein said cylinder-discriminating pulse signal at a 
' constant rotational speed of the engine has an ele 

ment concerning the time, which is smaller than 
the element concerning the time of said precedent 
reference pulse signal by at least the maximum 
rotation variation ratio of the engine expected at an 
abrupt acceleration of the engine and said predeter 

, ‘mined value is smaller than the precedent value by 
at least they maximum rotation variation ratio ex 
pected at an abrupt acceleration of the engine. 

5. A method for detecting a reference rotational angle 
for each cylinder in a multiple-cylinder internal com 
bustion engine, which comprises outputting a reference 
pulse signal at a predetermined engine rotational angu 
lar position 'at a ‘speci?c stroke of each cylinder syn 
chronously with the revolution of the engine, output 
ting a cylinder—discriminating pulse signal of a predeter 
mined amplitude on the same output line as said refer 
ence pulse. signal just after termination of one of refer 
ence pulse signals, computing the ratio between the 
pulse time width of said pulse signal and the time width 
between the subsequent pulse signal and the precedent 
pulse signal and performing discrimination of the cylin 
der when said ratio is smaller than a predetermined 
constant value. 

,6. An apparatus for detecting a reference rotational 
angle for each ‘cylinder in a multiple-cylinder internal 
combustion engine, which comprises reference signal 
output means for putting out a reference pulse signal at 
a position of a predetermined rotational angle of the 
engine at a speci?c stroke of each cylinder synchro 
nously with the revolution of the engine, cylinder-dis 
criminating signal output means for outputting a cylin 
der-discriminating pulse signal on the same output line 
as said reference pulse signal just after termination of 
one of said ‘reference pulse signals, timer means for 
measuring an element, concerning the time, of each of 
said pulse signals at every rising and falling of an output 
waveform of each pulse signal, means for storing prece 
dent and present values of said element concerning the 
time measured by the timer means, means for calculat 
ingthe ratio of said present to said precedent values, 
and cylinder-discriminating means for performing dis 
crimination of cylinders when the ratio of said present 
value to said precedent value is smaller than a predeter 
mined constant value. 

7. An- apparatus for detecting a reference rotational 
angle for each cylinder in a multiple-cylinder internal 
combustion engine according to claim 6, wherein said 
element concerning the time in said timer means is a 
time width of said pulse signal. 

8. An apparatus for detecting a reference rotational 
angle for each cylinder in a multiple-cylinder internal 
combustion engine according to claim 6, wherein said 
element concerning the time in said timer means is a 
period of said pulse signal. ' 

9. An apparatus for detecting a reference rotational 
angle for each cylinder in a multiple-cylinder internal 
combustion engine, which comprises reference signal 
output means for putting'out a reference pulse signal at 
a position of a predetermined rotational angle of the 
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engine at a speci?c stroke of each cylinder synchro 
nously with the revolution of the engine, cylinder-dis 
criminating signal outputv means for outputting a cylin 

, der-discriminating pulse signal on the same output line 
as said reference pulse signal just after termination of 

- one of said reference pulse signals, timer means for 
measuring an element, concerning the time, of each of 
said pulse signals at every rising and'falling of an output 
waveform of each pulse signal, means for storing prece 
dent and present values of said element concerning the 
time measured by the timer means, means for calculat 
ing the ratio of said present to said precedent values, 
and cylinder-discriminating means for performing dis 
crimination of cylinders when the ratio of said present 
value to said precedent value is smaller than a predeter 
mined constant value; 

wherein said cylinder-discriminating pulse signal at a 
constant rotational speed of the engine has an ele 
ment conceming the time, which is smaller than 
the element concerning the time of said precedent 
reference pulse signal. by at least the maximum 
rotation variation ratio of the engine expected‘at an 
abrupt acceleration of the engine and said predeter 
mined value is smaller than the precedent value by 
at least the maximum rotation variation ratio ex 
pected at an abrupt acceleration of the engine. ' _ 

.10. An apparatuslfor detecting a reference rotational 
angle for each cylinder in a multiple-cylinder internal 
combustion engine, which comprises reference signal 
output means for outputting a reference pulse signal at 
a position of a predetermined rotational angle of the 
engine at a speci?c stroke of each cylinder synchro 
nously with the revolution of the engine, 'cylinder-dis- . 
c'riminating signal output means for outputting a cylin 
der-discriminating pulse signal on the same line as said 
reference pulse signal just after termination of oneof 
said reference pulse signals, timer means for measuring 
an element, concerning the time, of each of said pulse 
signals at every rising and falling of an output wave 

, form of each pulse signal, means for comparing the ratio 
of said element concerning the time of each pulse signal, 
measured by said timer means, with theelement con 
cerning the time of the precedent pulse signal, and cyl 
inder-discriminating means for performing discrimina 
tion of cylinders when said ratio is lower than a prede 
termined constant value. 

11. An apparatus for detecting a reference rotational 
angle for each cylinder in a multiple-cylinder internal 
combustionv engine, which comprises a rotary body 
rotating synchronously with the revolution of the en 
gine, ?rst deformed portions vfor generating reference 
pulse signals, which areformed on the rotary body'by 

on said rotary body, corresponding to predetermined 
engine rotational angular positions at speci?c strokes of 
the respective cylinders, said positions of said ?rst de 
formed portions being substantially equal to one an-_ 

5 

12 
the ?rst and second deformed portions to generate a 
reference pulse-signal corresponding to said ?rst de 
formed portion and a cylinder-discriminating pulse sig 
‘nal corresponding to said second deformed portion in 
‘cooperation with said deformed portions, and cylinder 
discriminating means for discriminating the cylinders 
by comparing theratio of an element concerning the 
time of 'the cylinder-discriminating pulse signal and an 
element concerning the time of the reference pulse sig 
nal to a predetermined constant. ' 

12. An apparatus for detecting a reference rotational 
angle for each cylinder in a multiple-cylinder internal 
combustion engine according to claim 11, wherein said 

' rotary body is a rotary disk attached to a cam shaft for 

20 
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driving suction and exhaust valves of an automobile 
engine. 

13. An apparatus for detecting a reference rotational 
angle for each cylinder in a multiple-cylinder internal 
combustion engine, according to claim 11, wherein said 
rotary-body is a rotary ‘disk attached to a distributer 
shaft for an ignition device of a spark ignition recipro 
cating engine for an automobile. 

' _ 14. An apparatus for detecting a reference rotational 
angle for each cylinder in a multiple-cylinder internal 
combustion engine according to claim 11, wherein said 
deformed elements of said ?rst and second deformed 
portions are slits formed on said rotary body. 

15. An apparatus for detecting a reference rotational 
angle for each cylinder in a multiple-cylinder internal 
combustion engine according to claim 14, wherein said 

. .qpulse signal-generating means comprises a light projec 

35 
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partial changes of the shape of said rotary body in the _ 
~ same number as the number of the cylinders at positions , 

55 

other with respect to a radial distance from the rota- ' 
tional axis of said rotary body, one vsecond deformed 

_ portion comprising the same deformation element as‘ 
that of said ?rst deformed portions and indicatingthat 
speci?c one of the ?rst deformed portions corresponds 
to the speci?c cylinder, said second deformed portion 
being formed circumferentially just after said one ?rst 
deformed portion at a radial distance substantially equal 
to that of the ?rst deformed portions, pulse signal; 
generating means arranged adjacently to rotation loci of 

60 

65 

tor and a light receiver, which are arranged on opposite 
sides of the rotary body, which is interposed between 
the projector and receiver. 

16. An apparatus for detecting a reference rotational 
angle for each cylinder. in a multiple-cylinder internal 
combustion engine according to claim 15, wherein said 
cylinder-discriminating means is constructed so that the 
period of the precedent pulse signal and the period of 
the subsequent pulse signal are detected and when the 
ratio of the ‘present value of the period to the precedent 
value of the period is smaller than the maximum rota 
tion variation ratio expected at an abrupt acceleration of 
the engine, it is 'judged that the subsequent pulse signal 
giving said present value is the cylinder-discriminating 
pulse again. 

17. An apparatus fordetecting a reference rotational 
angle for each cylinder in a multiple-cylinder internal 
combustion engine, which comprises a rotary body 
rotating synchronously with the revolution of the en 
gine,._?rst deformed portions for generating reference 
pulse signals, which are formed on the rotary body by 
partial changes of the shape of said rotary body in the 
same ‘number as the number of the cylinders at positions 
on said rotary body, corresponding to predetermined 
engine rotational angular positions at speci?c strokes of 
the respective cylinders, said positions of said ?rst de 
formed portions being substantially equal to one an 
other with respect to a radial distance from the rota 
tional axis of said rotary body, one second deformed 
portion comprising the same deformation element as 
that of said ?rst deformed portions and indicating that 
speci?c one of the ?rst deformed portions corresponds 
to' the speci?c cylinder, said second deformed portion 
being~ formed cireumferentially just after said one ?rst 

' deformed portion at a radial distance substantially equal 
to that of the first deformed portions, pulse signal 
generating means arranged adjacent to rotation loci of 
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the ?rst and second deformed portions to generate a 
reference pulse signal corresponding to said ?rst de 
formed portion and a cylinder-discriminating pulse sig 
nal corresponding to ‘said seconddeformed portion in 
cooperation with said deformed portions, and cylinder 
discriminating means for discriminating the cylinders 
by comparing the ratio of an element concerning the 
time of the cylinder-discriminating‘ pulse signal and an 
element concerning the time of the reference pulse" sig 
nal to a predetermined constant; ‘ " 

wherein an arc length of the second deformed portion 
is smaller than the arc lengths of the‘?'rst deformed 

' portions by at least the maximum rotation variation 
ratio of said rotary body expected, at an abrupt 
acceleration of the engine. 

18-. An apparatus for detecting a reference rotational 
angle forfeach cylinder in a multiple-cylinder internal 
combustion engine according to claim 15, wherein said 
cylinder-discriminating means is constructed so that the 
pulse widths of the precedent .pulse signal and - 

_"subseq.uent pulse signal are detected and when the ratio-. 
of the present value of the'pulse time width to the preee= 
dent value of the pulse time width is smaller than the 

10 

14 
being formed circumferentially just after said one first 
deformed portion at a radial distance substantially equal 
'to' that of the first deformed portions, pulse signal 
generating means arranged adjacently to rotation loci of 
the‘ first and ‘second deformed portions to generate a 
reference pulse signal corresponding to said first de 
formed portion and _a cylinder-discriminating pulse sig 
nal corresponding to said second deformed portion in 
cooperation with said deformed portions, and cylinder 
discriminating, means for discriminating the cylinders 
by comparing the ratio of an element concerning the 
time of the cylinder-discriminating pulse signal and an 
element concerning the time of the reference pulse sig 

' nal to a predetermined constant; 
15 
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maximum rotation variation ratio'ex‘pected at an abrupt 
acceleration of the engine, it is judgedthat the'subse 
quent pulse signal giving said present value'is the cylin 
tier-discriminating pulse signal. 

19. An apparatus for detecting a reference rotational 
angle for each cylinder in a multiple-cylinder internal 
combustion engine, which comprises a rotary body 
jro't'a'ting' synchronously with the revolution of the en' 
gine, first deformed portions for generating reference 
pulse signals, which are formed on the rotary body by 
partial changes ‘of the shape of said rotary body in the 
same number as the number of the cylinders at positions 
on said rotary body, corresponding to predetermined 
engine rotational angular positions at speci?c strokes of 
the respective cylinders, said positions of said ?rst de 
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formed portions being substantially equal to one an- - 
other with respect to a radial distance from the rota 
tional axis of said rotary'body,v one second deformed 
‘portion, comprising the same deformation element as 
that of "said first deformed portions and indicating that 
speci?c one of the ?rst deformed portions corresponds 
to the speci?c cylinder, said second deformed portion 
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wherein an angular spacing from the rotational axis of 
said rotary body between said second deformed 
portion’an'd the just precedent f'u'st deformed por 
.tion is smaller than that between said precedent 
?rst deformed portion and the subsequent other 
?rst deformed portion by at least the maximum 
rotation variation ratio expected at an abrupt accel 
eration of the engine. 

20. An apparatus for detecting a reference rotational 
angle for each cylinder in a multiple-cylinder internal 
combustion engine according to claim 16, wherein the 
cylinder-discriminating means comprises timer means 
for counting said element, concerning the time, of said 
pulsesignals at every rising and falling of said pulse 
signals, means for storing said element concerning the 
time, counted by said timer means, and wherein said 
cylindendiscriminating means discriminates the cylin 
ders when said ratio is smaller than a predetermined 
constant value. 

21. An apparatus for detecting a reference rotational 
angle for each‘ cylinder in a multiple-cylinder internal 
combustion engine according to claim 16, wherein said 
cylinder-discriminating means is constructed so that the 
pulse width of the precedent pulse signal and the time 
width between the precedent pulse signal and subse 
quent pulse signal are detected, and the ratio between 
said pulse width' and time width is calculated, and when 
the calculated ratio is smaller than a predetermined 
constant value, it is judged that the subsequent pulse 
signal is the cylinder-discriminating pulse signal. 

8 ‘ i i i 
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